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. TEMPERATURE POLYMER 
DIELECTRIC FILM-WIRE INSULATION 


PRESENTED BY: 

JOHN G.NAIRUS 
WRIGHT LABORATORY 

AERO PROPULSION AND POWER DIRECTORATE 
24 JUL 91 


aHSSK program 

ACCOMPLISHMENTS 


TRW IDENTI FIED A MO DEMONSTRATED THE POTENTIAL OF TWO 

AROMAT1C/HETEROCYCLJC POLYMERS TO HAVE AN OUTSTANDING AND 

f^^WCOMBWATl^ OF ELECTRICAL THERMAL AND CHEMICAL RESISTANCE 

STATE^F-THE-ART KAPTON" FOR SPACECRAFT AND/OR 

^ R ^,“^ ECTWC INSULATION APPLICATIONS (DATA PROVIDED M TABLES 
THAT FOLLOW) 


«* soppounNaewBUHO technologies 

SUCH ^ aERAMC COATINGS, CONTVIUOUS RL1I CASTING, AND CONDUCTOR 
WIRE WRAPPING, WHICH ARE DESIGNED TO ACCELERATC QUAUF^N^S) 
DB»LOYMENT OF THE NEW WIRE ISOLATION MATERIALS TORUWS^T^ 
APPLICATIONS DURING THE MID- TO LATE-1990* SYSTEMS 


PR80BWN6 PAGE BLANK NOT FILMED 

PAGE INTENTIONAL LY BLANK’ 
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HIGHLIGHT PREUMINARY WIRE 
INSULATION RESULTS 


CANDIDATE 2 WAS SELECT ED FOR SELECTED WIRE WRAPPING AND TESTWG BASED UPON BEST 

balance of properties 

P ROCE SS SIMILAR TO INDUSTRY METHODOLOGY US® FOR KAPTON FN 

CANDIDATE 2 INSULATED WIRE DEMONSTRATED HKDffi^AWUTYTHAN KAPTON W AIR AND 
BREAKDOWN VOLTAGE RETENTION AFTER AGMG (192 HOURS). 



AC BREAKDOWN 
VOLTAGE (KV) 

insulation 

MATERIAL 

BEFORE 

AGING 

AFTER 

AGMG 

KAPTON 

12-4- 

11-4 

CANDIDATE 2 

9-9 

9-5 


insulation weight 

DECREASE LOSS AT 300°C 

(%) TO 


s 


11 


4 


4 


AFTER -200 HOURS) 

rSUSTffUSSWS 'T^\££SZ^ " 


CONCLUSIONS 


BASED UPON THE PROGRESS ACCOMPLISHED IN PERFORMACE OF CONTRACT F3361MSC-29Q0, THE 
PQLLOWMG CONCLUSIONS ARE OFFERED; 

jssjss sms®? 

PROPBCTES TO KAPTON POLYMIOE: 

- OELECTraC LOSS RESISTANCE AT 300*0, 

- oaODAT WE AND VACUUM STABM-TTY AT 300°C, 

— HUMIDITY RESISTANCE AT 90°G/100% RH, 

- ULTRAVIOLET RADIATION RESISTANCE AT 25°C AND 

— BASIC SOLUTION (pH 10) HYDROLYSIS RESISTANCE AT 83*C, 

. THE MORE MATURE DCLECTRIC FILM MATERIAL, CANDIDATE 2, POSSESSES HGHER DRY ARC/TRACK 
RESISTANCE THAN KAPTON 

' SSSSmSS.- 

mt TBUE POTEMIW. OF THE 

NEW WIRE INSULATION CANDIDATES FOR EXTEND® SERVICE AT 300 C. 
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PROGRAM OVERVIEW 


• PROGRAM TITLE; HK3H TBklPERATURE POLYMER DIELECTRIC FUJI 

• CONTRACT NUMBER: F33S15-88-C-2909 

• CONTRACT VALUE: $298K 

• TECHNICAL PERIOD OP PERFORMANCE: THIRTY MONTHS (NOVEMBER, 1988 THROUGH MAY, 1991) 

• TECHMCAL TASKS 

TASK TITLE STATUS 


1 


SCREENING AND TEST COMPLETED 

PLAN DOCUMENTATION 


2 


DEVELOPMENT AND COMPLETED 

DETAILED TESTING 


3 


PRODUCT OPTIMIZATION COMPLETED 


4 


WIRE INSULATION COMPLETED 

AND TESTMG 


REPORTING 


FINAL DRAFT SUBMITTED 


• AERO PROPULSION AND POWER DIRECTORATE PROGRAM MANAGER: JOHN G. NAIRUS 

• TRW PROGRAM MANAGER: ROBERT J. JONES 


KEY PROGRAM PARTICIPANTS 


ORGANIZATION 

TRW 

KEY ROLE 

PRIME CONTRACTOR 
PERFORMED ALL 
EXPERIMENTAL WORK 
EXCEPT THAT 
CONDUCTED BY 
VENDORS (SEE BELOW) 

TASK PARTICIPATION 
ALL (1 THROUGH 4) 

LAWRENCE 

TECHNOLOGY DIVISION 
OF CAMCO (FORMERLY 
TRW OILWELL CABLE 
DIVISION) 

F*-M ELECTRICAL 
PROPERTY TESTS, 
WIRE WRAPPMG 
AND MSULATED 
WIRE TESTING 

ALL (1 THROUGH 4) 

WYLE LABORATORIES 

CRYOGENIC MMERSION 
TESTS 

1 

REXHAM 

CORPORATION 

CONTMUOUS FILM 
CASTING 

3 

SHELDAHL CORPORATION 

PRODUCED CERAMIC 
PROTECTIVE COATING 
ON FILMS 

3 
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PROBLEM 


STATE-OF-THE-ART HIGH PERFORMACE, AROMA71C/HETEROCYCUC DIELECTRIC FILM 
MSULATION MATERIALS (EXEMPLIFIED BYKAPTON) CURRENTLY SUFFER SEVERAL 
CRITICAL DEFICIENCIES: 

. SIGNIFICANT DIELECTRIC LOSS AS A FUNCTION OF TEMEPRATURE FROM 
APPROXIMATELY -60°C TO +100°C AND ABOVE APPROXIMATELY *200°C, 

. SIGNIFICANT DEGRADATION IN AIR (300°C AND ABOVE), HUWMTY (95% RH) AND 
ULTRAVIOLET RADIATION (RT AND ABOVE) 

• POOR RESISTANCE TO ARCMG/TRACKMG FAILURE. 


OBJECTIVE 


IDB4T1FY AND EVALUATE COMMERCIALLY AVAILABLE ADVANCED AROMATTC/HETEROCYCUC 
FUI FORMMG POLYERS HAVING ■! PROVED ELECTRICAL, THERMAL, HUMIDfTY/CHEMKJAL 
RESISTANCE PROPERTIES OVER KAPTOn" FOR WIRE INSULATION APPLICATIONS IN FUTURE 
SPACECRAFT. IDEALLY, THE NEW MSULATION MATERIAL WILL BE EQUALLY SUPERIOR FOR 
AIRCRAFT POWER GENERATION APPLICATIONS. THE GOAL PERFORMANCE TEMPERATURE 
RANGE IS FROM -260°C TO 2 +300°CX 


APPROACH 


SELECT FIVE PROMSING CANDIDATES (BASED WON A V AM-ABLE DATA) FROM HIGH TEMPBUTORE 
RESISTANT, COMMERCIALLY AVAILABLE, FILM FORMING POLYMERIC MATERIALS; CONDUCT KEY 
ELECTRICAL, THERMAL AND CHEMICAL PROPERTY TESTS EMPLOYING KAFTON" AS THE CONTROL RLM 
MATERIAL; CONDUCT TEST PROGRAM ACCORDING TO THE FOLLOWING SEQUENTIAL TASK 


TASK KBUEH3 

1 SCREBJ RVE CANDIDATES FOR: 

• MOM TEMPERATURE PROPBVTEd 

• LOW TBPERATE FU308HJTY 


OUTPUT OF TASK 

DOWN SELECT TO TWEE PROMISING 
CAAODATES; DOCUMENT TEST 

RAN FOR CONDUCTING 

OF PROGRAM 


2 


• MTTIAL CLEAMNG SOLVENT STABILITY 

• OXIDATION RESISTANCE 

PERFORM DETAILED TE S T S ON THREE 
CAW DATES FOR: 

• VACUUM RESOTAMCE 

• HUMDTY RESISTANCE 

« ULTRAVIOLET RESISTANCE 

• BASIC AND POLAR FUAD RESISTANCE 


DOWNSELECT TO TWO MOST 
PROMISING CAABA DATES 


3 


4 


PERFORM PROCESS OPTIIAZATTON AND TEST DOWNS&BCT TO BEST 

ON TWO CANDIDATES IN TERMS OF: CANDIDATE 

• CERAAK COATINGS 

• CONTPIUOUS CASTMG OF nil 

WRAP RLM ON WIRE AND TEST FOR: WIRE TEST DATA/SAM>t£S 

• BJjCTnCAL PROPBTTES BEFORE AMD 
AFTER AIR AND HUHDITY AGING 
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HIGHLIGHT FILM DATA SUMMARY 
(TWO MOST PROMISING CANDIDATES 
VERSUS KAPTON CONTROL) 


PROPERTY 

SPECIFIC 

GOAL 


moponr test results 

TYPE 

PROPERTY 

PROPERTY 



CAMXDATE 2 


TEST 

VALUES 

KAPTON CAMKNDATE 1 

B-ECTTOCAL 

DELECTRC 
CONSTANT (1000 HZ) 

- RT 

300*0 

234 

3.1 

2J8 

3.1 

3J 

34 


294 

20 


KXS&PATION 
FACTOR (10MS HZ) 






• RT 

20009 

OuOOI 

OjOOI 

0002 


• 900*0 

20005 

0089 

0004 

QyQP 


BREAKDOWN 
VOLTAGE (RT, KVML) 






• AC UNCOATED 

>&0 

7.7 

6.1 

LI 


• AC CERAMC COATED 

>59 

74 

14 

Ol 


* DC UNCOATED 

>100 

114 

12 A 

102 


• DC CERAMC COATED 

>100 

12.7 

124 

102 


ARC/TRACK - MBXAN VALUES 
(SECONDS TO FAILURE) 






• UNCOATED 

»100 

191 

120 

102 


• CERAMC COATED 

»130 

109 

141 
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HIGHUGHT RLM DATA SUMMARY (TWO 
MOST PROMISING CANDIDATES VERSUS 
KAPTON CONTROL CONTINUED) 

PROPERTY 

TYPE 

assessed 

SPECIFIC 

mOPERIY 

TEST 

GOAL 

PROPERTY 

VALUES 

KAPTON 

CANDIDATE 1 

CAMMDATE 2 

THERMAL 

MELT (OR 

DecoMPosmoN) 

TBIPERATURE 

GLASS TRANSITION 
TEMPERATURE 
(APPAABfT To, X) 

>400*C 

>400 

>400 

>400 


*300*0 

940 

350 

910 


CHAR YELD 
M VACUUM AT 

oecrc (%) 

LESS THAN 
KAPTON 

47 

92 

53 


LOW TMPERATURE 
FLEXUIUTY 
IMMERSION M 
bOUTO HELIUM 
AT -26TC} 

RESIST 
CRACKING 
(KKlVALBfT 
TO KAPTON) 

NO 

EFFECT 

NO 

BTECT 
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HIGHLIGHT FILM DATA SUMMARY (TWO 
MOST PROMISING CANDIDATES VERSUS 
KAPTON CONTROL CONTINUED) 


PROPOTTY 

SPECIFIC 

GOAL 




TYPE 

PROPERTY 

PROPERTY 


CANODATE 1 

CAMDDATE 2 

ASSCSSH) 

TEST 

VALUES 

KAPTON 





